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Metabolic Syndrome in the Rural Population of
Wardha, Central India: An Exploratory Factor
Analysis
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ABSTRACT

Background and Objectives: Metabolic syndrome — a plausible precondition for type II diabetes and cardiovascular diseases is
also on rise. To understand the mechanistic complexity of metabolic syndrome it is imperative to study the specific contribution
of the determinants of metabolic syndrome. Such study can help to identify the most significant factor which may be of use in
early detection as well as prevention efforts. Such information is scarcely available from India and especially from rural India.
Hence, the present study was undertaken to explore for such factor which might be considered crucial for development of such
pathogenesis particularly in rural population of Wardha. Methods: A cross-sectional study comprising of 300 subjects was carried
out in rural area of Primary Health Center, attached to medical college with approximate 31,000 populations. The anthropometric
parameters such as height, weight, waist circumference were measured. Overnight fasting samples were collected for lipid profile
(total cholesterol, triglyceride, high density lipoproteins, low density lipoproteins, very low density lipoproteins) and fasting blood
glucose levels. The National Cholesterol Education Programme Adult Treatment Panel, ATP-III guidelines were used to categorize
the study subjects. As many of the variables are highly intercorrelated, exploratory factor analysis was carried out to reduce the data
to a smaller number of independent factors that accounts for the most of the variances in the data. Principal component analysis
was used as a method of extraction. Results: For both sexes, three factors were extracted accounting for about 71% variance in the
measured variables. An adiposity factor which accounted for highest explained variance (28%), was the initial factor extracted. It
was loaded positively by waist circumference, triglyceride, and very low density lipoprotein and negatively loaded by high density
lipoprotein. Second factor extracted was a cholesterol factor which explained about 20% variance. It was positively loaded by total
cholesterol and low density lipoprotein. Blood pressure factor was third to be extracted which again explained about 20% variance.
It was positively loaded by systolic and diastolic blood pressure. Interpretation and Conclusion: The results clearly indicate the
significance of visceral adiposity over the obesity in general or simple abdominal obesity measured anthropometrically as a pathogenic
determinant of the metabolic syndrome. The most consistent factor has been found to be dyslipidemia which explained major share
of the observed variance and the most significant load of this factor being rested on triglyceride and the VLDL level. Hence, we
conclude measurement of triglyceride might be a rewarding screening parameter for assessment of cardio-metabolic risk in general
populace and warrants a large scale study focusing into this issue.
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Introduction

Quick Response Code:

Website: People with abnormal glucose metabolism, hypertension
and obesity with dyslipidemia together constitute
“metabolic syndrome,” posing a major public health
challenge to the health systems in developed and
developing countries. Metabolic syndrome may be
considered as a pre-condition of two major clinical
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entities that are constantly on the rise: Atherosclerotic
cardiovascular diseases and diabetes mellitus, which
are major contributors to morbidity and mortality all
over the world.®) The National Health Examination
Survey-IlI (NHANES) showed that people with diabetes
and metabolic syndrome had the highest prevalence of
coronary heart diseases.® The West Scotland Coronary
Artery Prevention Study (WOSCOPS) found that the
risk of CHD and diabetes increased with the number of
metabolic syndrome risk factors.®

In India, diabetes and cardiovascular diseases are on
the rise. Many studies have reported that there is a
progressive increase in the prevalence of coronary heart
disease across the country over the year.*® Metabolic
syndrome, a plausible precondition for type II diabetes
and cardiovascular diseases, is also on the rise. Several
studies reported a high prevalence of metabolic
syndrome or its individual components like impaired
glucose tolerance, obesity and hypertension.”® However,
there is considerable interplay among these components
and their contribution to the pathogenesis of the diabetes
and cardiovascular complications. Because of the well-
known etiopathological background, altered vascular
homeostasis and insulin resistance has been associated
with lipid metabolic abnormality, which forms an
intricate nexus of metabolic pathology.® To understand
the mechanistic complexity of metabolic syndrome, it
is imperative to study the specific contribution of the
determinants of metabolic syndrome. Such study can
help to identify the most significant factor that may be
of use in early detection as well as prevention efforts.
Such information is scarcely available from India and,
especially, from rural India. Hence, the present study
was undertaken to explore such factors that might be
considered crucial for development of such pathogenesis,
particularly in the rural population of Wardha.

Methodology

Study setting and study subjects

The present cross-sectional study was carried out in all
the villages of Primary Health Center, Anji. The study
site was located in rural Wardha district, about 758 km
east from the state capital of Mumbai. The Primary
Health Center, Anji, covers 23 villages with a population
of 31,000 and is a field practice area of the Mahatma
Gandhi Institute of Medical Sciences, Sewagram. All the
residents of these 23 villages above the age of 18 years
were included in the sampling frame. The protocol was
approved by the institutional ethics committee.

Sampling method and sample size

Considering 10% prevalence of metabolic syndrome,?
3% absolute error, alpha = 0.1 and 10% non-response, the
sample size required was 300. The study subjects were
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selected by simple random sampling. Sample was drawn
from the enumeration list available with the Department
of Community Medicine. Written informed consent was
obtained from each of the participants.

Anthropometric measurements

Body weight was measured (to the nearest 0.5 kg)
with the subject standing motionless on the bathroom
weighing scale. The weighing scale was standardized
every day with a weight of 50 kg. Height was measured
(to the nearest 0.5 cm) with the subject standing in
an erect position against a vertical scale of portable
stadiometer and with the head positioned so that the
top of the external auditory meatus was in level with
the inferior margin of the bony orbit. Body mass index
(BMI) was calculated as weight in kilograms divided by
squared height in meter. Waist circumference (WC) was
measured at the level halfway between the iliac crest and
the costal margin in the mid-axillary line after exhaling
with the subject in standing position. Hip circumference
was measured at the level of greater trochanters with the
subject in standing position and both feet together. Two
consecutive recordings were made for each site to the
nearest 0.5 cm using a non-stretchable fiber measuring
tape on a horizontal plane without compression of the
skin. The mean of the two sets of values was used.™

Blood pressure measurements

Blood pressure was recorded with a sphygmomanometer
in the right arm, in the sitting position. Three readings
were taken half an hour apart and the average was used
for further analysis. Hypertension was defined as a systolic
blood pressure 2140 mmHg or a diastolic blood pressure
>90 mmHg, or the current use of antihypertensive drug.?

Laboratory analysis

The previous evening, the participants were visited and
written informed consent was obtained after explaining
the objectives and procedures of the study. They were
also counseled to be fasting overnight till the blood
samples were taken the next morning by venipuncture.
The samples were transported to the institutional
laboratory on the same day for further analysis. The
fasting blood sugar was analyzed by the glucose oxidase
peroxidase (GOP-PAP) method;™ total cholesterol
was analyzed by the cholesterol oxidase (CHOD-PAP)
method;™ triglycerides by the GPO-PAP Trinder
method;™ and High Density Lipoprotein (HDL-C) by
the phosphotugstic acid method.®® Very low density
lipoproteins (VLDL-C) was calculated by an indirect
method as VLDL cholesterol is one-fifth of the triglyceride
level.® LDL-C was calculated by subtracting VLDL-C
and HDL-C from total cholesterol. ERBA kits supplied
by Transia Biochemicals Ltd., Mumbai, India were used.

According to the National Cholesterol Education
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Program Adult Treatment Panel (ATP) 111, the diagnosis
of metabolic syndrome was made when three or more of
the following risk factors were present: a WC >102 cm in
men and >88 cm in women, fasting glucose 2110 mg/dL
(6.1 mmol/L), systolic blood pressure 2130 mmHg or
diastolic blood pressure =85 mmHg, fasting triglycerides
>150 mg/dL (1.7 mmol/L) and HDL cholesterol
<40 mg/dL (1.0 mmol/L) in men and <50 mg/dL (1.3
mmol/L) in women.®® ATP III definitions were based on
the association of factors with subsequent coronary heart
disease in Caucasian cohorts. As Indians have higher
body fat content than their western counterparts for the
same BMI, we used lower cut-offs of WC as suggested by
Asia-Pacific guidelines. WC cut-offs were taken as >90 cm
for males and >80 cm for females to define overweight.

Statistical analysis

The statistical analysis was carried out using SPSS 12.0
software (SPSS, Chicago, IL, USA). The variables with
skewed distribution such as triglyceride, very low-
density lipoprotein, fasting blood glucose, WC, systolic
blood pressure and diastolic blood pressure were
log-transformed. As many of the variables are highly
intercorrelated, exploratory factor analysis was carried
out to reduce the data to a smaller number of independent
factors that accounted for most of the variances in the data.
Principal component analysis was used as a method of
extraction. The number of components to be retained was
based on Scree plot analysis and eigenvalue criteria of 1.0.
Varimax rotation was used to obtain a set of independent
interpretable factors. The resulting factor pattern was
interpreted using factor loadings of more than 0.4. The
procedure was carried out first for both sexes together
and then for men and women individually. The result of
the KMO test for sampling adequacy was 0.623, 0.536 and
0.511, respectively, for the three groups. Bartlett’s test for
sphericity was highly significant (P < 0.001) for all three
groups, suggesting the suitability of data for factor analysis.

Results

The characteristics of anthropometric and biochemical
parameters in both sexes are presented in Table 1. Data

show that the mean age of men was 42.4 years and that
for women was 39.3 years. The mean WC (76.82 +0.86 in
men versus 74.90 £ 1.04 in women) was not significantly
different between men and women (P > 0.05). The
mean systolic and diastolic blood pressure levels did
not differ significantly between the two sexes. Mean
fasting blood glucose level was 89.88 mg/dL (SE =
1.47) and 90.62 mg/ dL (SE = 2.29) in men and women,
respectively. Similarly, the mean triglyceride and high-
density lipoprotein did not differ significantly between
men and women.

As per the ATP-III criteria, the prevalence of metabolic
syndrome was 17.6% in men and 16.8% in women. Of
these, 0.7% men and 7.6% women had central obesity.
The prevalence of impaired fasting blood glucose level
was 12% in men and 10.7% in women, whereas 31.2%
of the men and 38.2% of the women had hypertension.
33.7% of the men had high triglyceride levels compared
with 25.7% of women. 50.2% of the men had a low cutoff
for HDL-C levels, whereas 69.7% of women had similar
findings. Table 2 presents the result of factor analysis.
For both sexes, three factors were extracted, accounting
for about 71% variance in the measured variables. An
adiposity factor that accounted for highest explained
variance (28%) was the initial factor extracted. It was
loaded positively by WC, triglyceride and very low-
density lipoprotein and negatively loaded by high-
density lipoprotein. The second factor extracted was a
cholesterol factor, which explained the 20% variance.
It was positively loaded by total cholesterol and low-
density lipoprotein. Blood pressure factor was the third
to be extracted, which again explained the 20% variance.
It was positively loaded by systolic and diastolic blood
pressure.

For men, again, three factors were extracted but
the loadings were different. On the first factor, WC,
triglycerides, total cholesterol and very low-density
lipoprotein were loaded positively while high-density
lipoprotein was loaded negatively. On the second
factor, systolic and the diastolic blood pressure along
with WC were loaded significantly. On the third factor,

Table 1: Anthropometric and biochemical characteristics in men and women

Variables Men (n=169) Mean+SE Women (n=131) Mean+SE P value
Age (years) 42.4+1.27 39.3+1.31 0.094
Waist circumference (cm) 76.82+0.86 74.90+1.04 0.152
Systolic blood pressure (mmHg) 130.03+1.21 130.19+2.29 0.947
Diastolic blood pressure (mmHg) 82.42+0.83 83.20+0.968 0.539
Fasting blood glucose (mg/dL) 89.88+1.47 90.62+2.29 0.777
Triglyceride (mg/dL) 133.91+6.37 125.16+6.81 0.353
Total cholesterol (mg/dL) 167.23+£3.14 169.70+£3.28 0.591
High-density lipoprotein (mg/dL) 40.85+1.08 42.98+1.06 0.168
Low-density lipoprotein (mg/dL) 99.58+2.86 101.84+3.05 0.592
Very low-density lipoprotein (mg/dL) 26.79+1.27 24.80+1.36 0.289
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fasting blood glucose, low-density lipoprotein and total
cholesterol were loaded significantly. Total variance
explained was 71%.

For women, four factors were extracted. On first factor,
the loadings were WC, triglycerides and very low-density
lipoprotein. On the second factor, total cholesterol and
low-density lipoprotein were loaded. The third factor
was blood pressure while the fourth factor was loaded
by fasting blood glucose and high-density lipoprotein.
The factor explained the 81% variance.

Discussion

The present study conducted in the rural Indian populace
showed a high incidence (nearly one in six persons)
of metabolic syndrome as per ATPIII criteria, which
is quite above the national/observed incidence in the
comparable rural population.®®'® This is particularly
alarming given the fact that the majority of this study
cohort belonged to the lean category, with the overall
average BMI being 22.76 kg/m?>

Evidence suggests that central obesity, rather than
general obesity (measured by parameters like BMI or
body weight), is directly associated with this complex
pathological state of metabolic syndrome.® Particularly
in the Asian population, abdominal obesity has been
implicated in the metabolic syndrome and associated
insulin resistance in the form of impaired glucose
tolerance.® Moreover, there is epidemiological evidence
showing direct impact of waist girth on hypertension.®
However, in this study, we did not record any significant
variance in the WC, and the overall mean value of this
parameter in the entire study population is well below
the cutoff as per the ATP-III criteria.!®

The present study result revealed that dyslipidemia
(particularly high triglyceride and low-HDL cholesterol
fractions) along with hypertension and impairment of
glucose tolerance appeared as key players that are largely
associated with such a condition, whereas the prevalence
of central obesity did not figure to be a direct determinant.
However, on introspection with statistical means to find
out the major contributor(s) of this observed variance, the
available data reflects dyslipidemia as the predominant
factor that is positively contributed by WC, triglyceride
and very low-density lipoprotein level. Because the
overall variance of WC has already been recorded as
insignificant, this parameter surfacing as a contributor
in this pathology appears to be paradoxical. In this
context, it is worth noting that such an anthropometric
parameter for estimating abdominal subcutaneous fat
is a rather crude means of assessing the true level of
visceral fat content. In fact, the adipose tissue of visceral
origin rather than abdominal subcutaneous fat is shown
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to be a major predictor of dyslipidemia associated with
metabolic risk.® It is quite interesting that triglyceride
and VLDL (which is directly calculated from triglyceride
level) claimed a major share in this factor, indicating
the significance of triglyceride level among the lipids.
Moreover, this lipid fraction is consistently associated in
both sex groups as well as in the overall study population
as a major contributor. Triglyceride is the major storage
form of lipid, and its level can be envisaged as a direct
reflection of the visceral fat level. In support of this
view, a study in the Japanese population found that
insulin resistance, the major component of metabolic
syndrome, is significantly associated with both visceral
fatas well as serum triglyceride levels.® Moreover, such
visceral fat was shown to be reflected by triglyceride and,
consequently, VLDL level.®

Thus, as part of the dyslipidemia factor, the major
component appeared to be triglyceride level, predictably
followed by WC (representing abdominal subcutaneous
fat) as the second contributor. However, as a direct
marker alone, the later variable failed to mirror any
significant deviation. This result strongly favors the view
of visceral fat as a more reliable pathogenic correlate
than simple anthropometric measure of overall adiposity
(BMI) or central obesity (in terms of WC alone).

Besides cholesterol level, which may be considered
as a mere component of altered lipid profile, the key
factors that governed the pathogenicity of the metabolic
cluster also included hypertension and hyperglycemia.
In the perspective of recent evidences, these two factors
should be considered in direct association with visceral
adiposity, which brings in a paradigm shift in the concept
of etiopathogenesis of metabolic disease cluster including
insulin resistance and/ or diabetes mellitus, hypertension
and atherogenic cardiovascular disease.®® There is
conclusive proof that such visceral but not subcutaneous
adipocytes are instrumental in the development
of the pro-inflammatory environment leading to
metabolic stress by elaborating adipocytokines.®) Of
late, demonstration of expression of endocanabinoid
receptors in the adipose tissue along with liver and brain
highlighted the coordinated impact of this system in
regulation of lipid metabolism.*? Pending mechanistic
details, dysregulation of this system in obese individuals
might be contemplated in atherogenic dyslipidemia as
well as in insulin resistance. Further, an important link
of adiposity with hypertension is found to be operative
through the angiotensin system, with the discovery of
adipose tissue as a producer of angiotensinogen, the
precursor of major endogenous vasoconstrictor.®) A
complex nexus through this system reportedly lead to
angiotensin-mediated generation of large dysfunctional
adipocytes; those are responsible for augmented cytokine
production as well as inefficient insulin sensitivity.®*3)
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Yet another off-shoot of such ectopic abnormal adiposity
in the form of visceral obesity also gives rise to increased
leptin production, which is believed to be a direct link to
sympathetic over-activity and associated hypertension.*?
This sets in a vicious cycle that paves the way for
metabolic syndrome cluster. Finally, the successful
prevention of atherosclerotic risk in the patients of
this pathogenic cluster with fibrates and glitazones
unequivocally proves the visceral obesity theory. These
agents are activators of peroxisome proliferator-activated
receptor (PPAR), a mediator involved in regulating
glucose homeostasis and inhibiting inflammatory
response, and, thus, also exerts anti-atherosclerotic
properties.®® These drugs have been shown to increase
more physiologically relevant subcutaneous adipose
tissue in lieu of the pathological visceral fat and, as
activator of lipoprotein lipase, effectively decrease the
triglyceride level, further suggesting the pivotal role of
triglyceride in the entire pathology.®+%

Thus, the result in this study coupled with the huge body
of supportive evidence, clearly indicates the significance
of visceral adiposity over the obesity in general or simple
abdominal obesity measured anthropometrically as a
pathogenic determinant of the metabolic syndrome.
Quantification of visceral adipose tissue by sophisticated
tomography technique might not be a feasible option
at the field-level screening condition. In this study, the
most consistent factor has been found to be dyslipidemia,
which explained the major share of the observed variance
and the most significant load of this factor being rested
on triglyceride and the VLDL level calculated thereof.
Although this parameter figures in both ATPIIl as well as
in WHO criteria of metabolic syndrome,® it has not been
considered significant. Of late, triglyceride assay has been
given importance due to a justified metabolic rationale
in predicting metabolic risk.®® Hence, we conclude that
the measurement of this analyte might be a rewarding
screening parameter for assessment of cardiometabolic
risk in the general populace, and warrants a large-scale
study focusing this issue. However, the smaller sample
size of the present study has to be kept in mind and
studies with larger sample size need to be carried out
to validate the present findings.
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